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Objective
To examine the effect of arginine, �-hydroxy-�-methylbutyrate
(HMB), and glutamine supplementation on wound collagen
accumulation in a double-blind, randomized study.

Summary Background Data
Control of wound collagen synthesis has been an elusive goal
for clinicians and scientists alike. In many clinical instances, it
is desired to increase collagen deposition as a means of en-
hancing wound strength and integrity. Arginine, a semiessen-
tial amino acid, has been shown to increase wound collagen
accumulation in rodents and humans. HMB, a metabolite of
leucine, regulates muscle proteolysis in animals and humans
and increases collagen deposition in rodents.

Methods
Thirty-five healthy, nonsmoking human volunteers 70 years or
older were enrolled and underwent subcutaneous implanta-
tion of two small, sterile polytetrafluoroethylene (PTFE) tubes
into the deltoid region under strict aseptic techniques. The
tubes were 1 mm in diameter and 6 cm in length with pore
size of 90 to 120 �m to allow optimal ingrowth of fibroblasts
and the deposition of matrix. Eighteen volunteers (mean age
75.4 years; 2 men, 16 women) were randomized to receive

daily supplementation of 14 g arginine, 3 g HMB, and 14 g
glutamine (total nitrogen 3.59 g) in two divided doses. The
control group (n � 17; mean age 75.3 years; 6 men, 11
women) received an isonitrogenous, isocaloric supplementa-
tion of nonessential amino acids. Catheters were removed at
7 and 14 days postimplantation and analyzed for hydroxypro-
line (OHP, nmol/cm catheter, an index of collagen accumula-
tion) and �-amino nitrogen (�-AN, mmol/cm, an index of total
protein deposition).

Results
Supplements were well tolerated, without any reported side
effects. Supplementation with the specialized amino acid mix-
ture led to a significant rise in plasma arginine and ornithine
levels. The specialized amino acid supplement led to a signifi-
cant increase in collagen deposition (as reflected by OHP
content) in the PTFE tubes without an effect on total protein
accumulation.

Conclusions
Collagen synthesis is significantly enhanced in healthy elderly
volunteers by the oral administration of a mixture of arginine,
HMB, and glutamine. This provides a safe nutritional means
for increasing wound repair in patients.

Successful wound healing remains the cornerstone of all
surgical interventions. The majority of surgical wounds
require collagen synthesis and scar formation for successful
completion. Wound complications, such as infections and

delayed healing, can undo the best-executed surgical pro-
cedure and significantly contribute to the financial burden of
healthcare systems worldwide.

Numerous attempts have been made over the past 50
years to modulate wound collagen synthesis. A great deal of
research has also demonstrated the intimate relationship
between host nutritional state and wound collagen accumu-
lation.1 More recently it has been shown that certain nutri-
ents can enhance collagen deposition in a specific and
pharmacological manner.2

Arginine is a dietary semi essential amino acid that be-
comes conditionally indispensable during critical illness and
severe trauma.3 Dietary arginine supplementation, above
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the amounts required for optimal growth, nitrogen balance,
or health, increases wound collagen accumulation in healthy
rodents and humans.3–7

After trauma, arginine supplementation significantly re-
duces weight loss and nitrogen excretion.8,9 Traumatized
rats given intravenous hyperalimentation mixtures contain-
ing higher concentrations of arginine showed significant
improvement in nitrogen retention and accelerated wound
healing.4 Injured rodents given a perioperative 1% dietary
supplementation of arginine have a marked improvement in
wound healing, as assessed by wound breaking strength and
the hydroxyproline (OHP) content of subcutaneously im-
planted polyvinyl alcohol sponges.3,5 Human volunteers,
given either 17 or 24.8 g of arginine per day, demonstrate
increased wound collagen deposition after 14 days of
supplementation.6,7

These studies suggest that supplementation of arginine at
higher levels than currently available through standard nu-
tritional formulations can have significant beneficial effects
on the wound reparative processes and might reduce the
extent of catabolic metabolic changes in states of biologic
stress.

�-hydroxy-�-methylbutyrate (HMB) is a naturally occur-
ring metabolite of the essential amino acid leucine. Several
recent studies have hypothesized HMB to be the bioactive
metabolite of leucine responsible for inhibiting muscle pro-
teolysis and for modulating protein turnover, both in vitro
and in vivo.10 HMB supplementation in humans, when
combined with exercise, results in increased muscle mass
accretion.11 This was associated with decreased urinary
excretion of 3-methyl-histidine, indicating that most of the
effect was due to inhibition of muscle proteolysis. More
recently we have shown that dietary supplementation with
60 mg/kg/d of HMB results in enhanced wound collagen
deposition in rats (unpublished data).

With these findings in mind, we sought to examine the
therapeutic efficacy of a specialized amino acid supplement
consisting of arginine, HMB, and glutamine (Juven; MTI,
Ames, IA) on collagen deposition using an experimental
wound micromodel in healthy elderly volunteers.

METHODS

Thirty-five volunteers were recruited from the Baltimore
area responding to advertisements placed within the hospital
and in local newspapers. Volunteers of both sexes were
enrolled, and the minimum age for entry was 70 years.
Exclusion criteria included known immunosuppression
(HIV, recent chemotherapy, organ transplantation), recent
steroid use, smoking, uncontrolled diabetes mellitus (fasting
blood glucose � 200 mg/dL or Hgb A1C � 10%), severe
peripheral vascular disease, renal function impairment
(BUN � 50 mg/dL and/or creatinine � 2 mg/dL, protein-
losing nephropathy � 2 g/d), severe liver failure/cirrhosis
(Child class B or C), known collagen vascular disease or
autoimmune disease (i.e., Ehlers-Danlos, Marfan, rheuma-

toid arthritis, lupus, systemic vasculitis), known systemic
malignancy, and significant malnutrition (body mass index
� 85% or �15% of ideal body weight).

The Institutional Review Board of Sinai Hospital ap-
proved the study protocol. Informed consent was obtained
from each subject before entry into the study. Subjects were
blindly assigned to either the study group or the control
group, using a randomization table. Eighteen volunteers
(mean age 75.4 years, 2 men, 16 women) were randomized
to receive the experimental amino acid mixture (Table 1).
The control group (n � 17, mean age 75.3 years, 6 men, 11
women) received an isonitrogenous, isocaloric supplemen-
tation of nonessential amino acids. Supplements were ad-
ministered twice daily at 8 AM and 6 PM for 14 days. During
this time no dietary restrictions were placed, but each sub-
ject was asked to keep a daily record of dietary activity to
assess macronutrient intake. In addition, each subject was
required to keep a log documenting the time each supple-
ment dose was taken. The study was run in double-blind,
randomized fashion and neither the researchers nor the
subjects were aware of the treatment group assignments.
Urine samples were collected on day 14 to evaluate dietary
compliance by measuring HMB levels. Urine HMB was
analyzed by a modified method of Nissen et al.12 Absolute
recoveries (quantitative amount of HMB) were ~50% and
relative recoveries (HMB relative to internal standard) were
~100%. Intra-assay variation was ~4%.

On enrollment, each patient underwent a complete med-
ical history and physical examination. Plasma was obtained
for baseline measurements of renal and hepatic profiles and
for determination of amino acid levels. The wound healing
model utilized involves the subcutaneous placement of
polytetrafluoroethylene (PTFE) implants, modified from a
technique originally described by Goodson and Hunt.13

Under strict sterile technique and local anesthesia, two
gas-sterilized PTFE tubes (Impra, Inc., Tempe, AZ) were
implanted percutaneously into the subcutaneous region of
the left deltoid region. Each PTFE tube measured 5 cm in
length and 1 mm in diameter and had a pore size of 90 to
120 �m to allow optimal ingrowth of granulation tissue. An
11-gauge trocar and needle were inserted subcutaneously
through a 3- to 4-mm stab wound in the left deltoid region.
Care was taken to ensure that the needle was positioned in

Table 1. COMPOSITION OF THE
CONTROL AND EXPERIMENTAL

SUPPLEMENTS

Control Experimental

Alanine 11 g Arginine 7 g
Glutamic acid 1.75 g HMB 1.5 g
Glycine 6.10 g Glutamine 7 g
Serine 4.22 g

Total nitrogen (g) 3.595 g 3.593 g
Total calories 103.9 91.3
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the subcutaneous layer. The trocar was then withdrawn,
leaving the needle in place. The PTFE catheter was then
inserted into the needle and the needle was withdrawn over
the catheter, leaving the catheter in the subcutaneous tissue
with a small portion of the catheter left exposed for re-
trieval. The two catheters were placed through the same stab
wound at 45° to 60° from each other. After placement, the
exit site was cleansed thoroughly and a sterile occlusive
dressing was placed over the exposed ends of the catheters.

Each subject returned 7 and 14 days later for removal of
one catheter. The removal process was performed using
strict aseptic technique and was noninvasive and painless.
Immediately after removal, the catheters were sectioned
sterilely into 1-cm segments, which were stored in a �70°C
refrigerator for subsequent analysis. The same 1-cm section
of each implant was hydrolyzed at 130°C for 16 hours with
1 mL of 6 N hydrochloric acid. Hydrolyzed samples were
mixed with internal standards and derivatized with polyiso-
thionate (PITC) using Waters Picotag Vacuum Station (Mil-
lipore Corp., Milford, MA). PITC-derivatized amino acids
were separated by reverse-phase chromatography (Waters
HPLC System, Waters Chromatography Division, Millipore
Corp.) and quantified by computerized analysis. Total alpha
amino nitrogen (�-AN) levels were determined by colori-
metric analysis, as an index of total protein content, and are
expressed as �mol/cm of catheter length. Hydroxyproline is
an amino acid unique to collagen and its level correlates
well with the total amount of collagen; amino acid concen-
trations are expressed as nmol/cm catheter length.

At the 7- and 14-day return visits for catheter removal,
additional venous blood was drawn. Plasma samples were
stored at �70°C for subsequent analysis of hepatic and
renal profiles. Additional blood was obtained for plasma
amino acid determination, using the same reverse-phase
chromatography technique described above.

The randomization code was not broken until all data
were analyzed, entered, and submitted to an external study
monitor. Data are reported as mean � standard error of the
mean (SEM). All data were entered into a G4 MacIntosh
computer and analyzed using the StatView statistical pack-
age (Mountain View, CA). Statistical analysis was per-
formed using the unpaired Student t test, and statistical
significance was achieved at P � .05.

RESULTS

The dietary supplements were well tolerated, without any
reported side effects. Laboratory evaluation of liver and
renal function did not reveal any abnormalities in either
group (data not shown). Compliance with the regimen was
excellent, as judged by the volunteer-kept diaries as well as
by monitoring urinary HMB excretion on day 14 of the
trials. There was an almost 200-fold difference in the levels
of urinary HMB excretion between the two groups. The
SEM was high in the experimental group because in three
volunteers the values were below 1,000 nmol/mL, suggest-
ing inaccurate or incomplete compliance with the treatment
regimen (Table 2).

The administration of the experimental amino acid sup-
plement resulted in significant increases in plasma arginine
and ornithine levels when compared to baseline or to the
control group (Table 3). Plasma citrulline, proline, aspartic
acid, serine, glycine, or alanine levels were not affected by
the treatment (data not shown).

The PTFE catheters were removed at 1 and 2 weeks after
implantation. Analysis of the catheters removed at 1 week
revealed no significant differences in any of the parameters
tested in the two groups. However, at 2 weeks posttreatment
there was a significant enhancement in the amount of col-
lagen produced, as reflected by the increase in OHP con-
tent of the catheters removed from the supplemented group
(72.2 � 10.6 vs. 43.2 � 7.2 nmol/cm implant, P � .03)
(Fig. 1). These changes were not accompanied by increases
in total protein deposition, as reflected by the lack of sig-
nificant differences in the total amount of �-AN between the
two groups. Consequently, the ratio of OHP between 1
week and 2 weeks was significantly higher in the sup-
plemented group (4.64 � 0.61 vs. 3.0 � 0.48, P � .05)

Table 2. URINARY EXCRETION OF HMB

Control Experimental

Mean � SEM 109 � 61 19,744 � 9,094
Range 6–806 104–93,905

Data are given as nmol/mL.

Table 3. PLASMA AMINO ACID LEVELS

Arginine Citrulline Ornithine

Control EXP Control EXP Control EXP

Day 0 79.1 � 2.9 75.2 � 3.1 36.1 � 3.4 37.4 � 3.5 57.0 � 1.0 53.4 � 2.5
Day 7 75.0 � 2.9 155.5 � 23.6* 34.5 � 2.4 38.2 � 3.7 56.8 � 3.3 152.0 � 27.7*
Day 14 71.9 � 3.1 161.8 � 15.4† 35.1 � 2.6 36.3 � 4.0 52.7 � 3.1 145.1 � 19.0†

Data given as mean � SEM in �mol/L.
* P � .002, †P � .001 by Student t test.
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(Fig. 2). The ratios of the other amino acids or of �-AN
were not affected by the treatment.

DISCUSSION

The present double-blind, randomized study demon-
strates that healthy elderly volunteers accumulate 67% more
collagen, as assessed by the OHP content, in an experimen-
tal wound model in response to supplementation with a
specialized amino acid mixture containing arginine, HMB,
and glutamine. The amount of wound total protein, as
evaluated by the �-AN content of the implants, was not
different between the two groups. The experimental supple-
ment was well tolerated and did not affect the well-being of
the subjects.

The three components of the experimental supplement
have unique properties. Arginine has been shown to en-

hance wound healing in prior animal and human investiga-
tions. Rodents fed a diet supplemented with 1% arginine
hydrochloride demonstrate enhanced wound healing as
measured by collagen deposition and increased wound
breaking strength.3,5 The effect is noted whether the argi-
nine supplementation is given for 3 or 10 days postwound-
ing, suggesting an early effect on cells involved in the
inflammatory and proliferative phases of wound healing. In
young human volunteers, 2 weeks of arginine supplemen-
tation at doses of either 17 or 24.8 g/day enhanced collagen
deposition by 74% and 137%, respectively.6 Elderly sub-
jects (�70 years of age) receiving a 17-g/day arginine
supplementation for 2 weeks demonstrated a 52% increase
in collagen deposition and a 98% enhancement in �-AN
(protein) accretion.7 In the latter human study, arginine
supplementation did not affect the rate of wound epitheli-
alization. Additionally, arginine did not increase DNA lev-
els within the experimental wound, suggesting that arginine
acts by enhancing fibroblastic synthetic processes, not by a
proinflammatory mechanism. The 14 g of arginine con-
tained in the experimental supplements administered in this
study is an amount less than that used previously. This dose
of arginine supplementation led to a significant elevation of
plasma arginine and ornithine levels, elevations similar in
magnitude to those observed in the prior studies with higher
levels of arginine supplementation.6,7

HMB is derived from the essential amino acid leucine.
Nearly 80% of leucine is used for protein synthesis, while
the remainder is converted to the �-ketoacid (�-ketoisoca-
proate, KIC). The major route of KIC metabolism (and
indirectly leucine) is through oxidation to isovaleryl-CoA
by the mitochondrial enzyme KIC-dehydrogenase, and a
small proportion (~5% of leucine) is oxidized to HMB by
the cytosolic enzyme KIC-dioxygenase.14 In the body,

Figure 1. Selected amino acid and
�-amino nitrogen (�-AN in �mol/cm tubing)
assays in PTFE grafts removed at 7 and 14
days postimplantation. OHP, hydroxypro-
line. All values in nmol/cm tubing.

Figure 2. Ratios of 14-day to 7-day values for aspartate (ASP), lysine
(LYS), hydroxyproline (OHP), and �-amino nitrogen (�-AN). *P � .05.
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HMB appears to have two fates. After ingestion of HMB,
nearly 20% to 50% of HMB is lost in the urine in humans,
sheep, and pigs. A second pathway is the transformation of
HMB to HMB-CoA.15

Ingestion of HMB has been shown to increase lean body
mass, improve skeletal muscle strength, and exert anticata-
bolic activity. Daily supplementation of HMB (3.0 g/day) to
college-age men markedly decreased muscle damage during
resistance exercise, as evidenced by less leakage of CPK
from muscle and lower muscle proteolysis. There was also
an associated increase in lean body weight gain.11 In a prior
unpublished study, we have shown that HMB supplemen-
tation can increase wound collagen deposition in an exper-
imental model in rodents.

Glutamine is essential for the metabolism of rapidly
turning-over cells, such as lymphocytes and enterocytes.16

In addition, it represents the largest nitrogen pool in the
body, and, therefore, is intimately involved in the catabolic
responses to starvation, trauma, and sepsis.17,18 Past studies,
however, have failed to demonstrate any specific benefit of
glutamine on wound healing.19

In the current study, the specialized amino acid supple-
ment led to a statistically significant increase in hydroxypro-
line deposition within the catheters, without a concomitant
effect on total �-AN accumulation (a measure of total
wound protein synthesis). This result stands in contrast to
previous studies where arginine supplementation led to in-
creased �-AN accumulation. This may be a possible reflec-
tion of the fact that the current control group received
nonspecific isonitrogenous amino acid supplementation. In
the prior studies, the control group did not receive any
nitrogen, and thus the effect on total protein may have
represented a nonspecific nitrogen effect of the nitrogen
load in the arginine supplement.

In the present study, the magnitude of the elevation in the
amount of collagen deposited is in keeping with the prior
studies cited above, further suggesting that the effect on
collagen is specific and highly reproducible. The OHP lev-
els were elevated at 14 days above all other amino acids
evaluated; the increase in OHP levels between 1 and 2
weeks was fourfold, whereas other amino acids or the �-AN
level only doubled. This suggests a specificity in the action
of the experimental amino acid supplement on collagen
deposition.

The model used herein has been useful in evaluating
human collagen deposition. The model accurately reflects
the effect of systemic factors on wound healing, such as sex,
trauma, smoking, and nutritional state.20–23 The model does
not permit determinations of wound mechanical properties.
In addition, it has not been validated against surgically
relevant wounds, and the data obtained from the micro-
model have not been correlated with the outcome of surgical
wounds. This type of data acquisition has been hampered by
lack of surgeon participation in such an endeavor (TK Hunt,
personal communication). Despite this limitation, the model
does offer relevant information on means to modulate

wound collagen synthesis, as well as information on the
physiology of this critical step to surgical healing.

In conclusion, a supplement of arginine, HMB, and glu-
tamine significantly enhances wound collagen accumula-
tion. The absence of side effects or complications within the
study population indicates that the oral administration of a
mixture of arginine, HMB, and glutamine is safe at this
pharmacologic dosage. Furthermore, this formulation pro-
vides a safe and effective nutritional means for increasing
wound repair in this age group. The effect of such supple-
mentation in surgical patients or those patients with im-
paired healing is unknown, but further evaluation is
warranted.
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DISCUSSION

DR. STANLEY M. LEVENSON (Bronx, New York): I want to compliment
Dr. Barbul on the concise, lucid description of his study in his written paper
and his excellent presentation.

The basic finding of the investigation showing significantly more repar-
ative collagen as assessed by hydroxyproline determination accumulated in
subcutaneously implanted ePTFE tubes in the group of elderly volunteers
ingesting the arginine, HMB, glutamine supplement as compared with the
control group is clear-cut. It is probable, as Dr. Barbul and his colleagues
have concluded, that this is due to the ingestion of the specialized dietary
supplement, especially the arginine. HMB may have an effect, but the data
regarding its effect in wound healing is, at present, limited to a yet
unpublished study in rats by Dr. Barbul and associates. The only study I am
aware of showing that glutamine has an effect on collagen is a paper
reported in the 1950s which reported that administration of glutamine to
rats ameliorated experimental osteolathyrism.

Getting back, though, to the conclusion of Dr. Barbul’s paper that the
increased accumulation of reparative collagen was due to the specialized
nutrient supplement, the design of the study and the very limited informa-
tion in the paper and presentation about the individual volunteers in both
groups does not, in my view, permit an unquestioned certainty to the
conclusion. For example, there are no wound healing data in the volunteers
prior to the administration of the two dietary supplements to show that the
two groups were comparable to begin with. I can see why the authors did
not obtain such important data: it would have added a minimum of 2 or
more weeks to the study and would have made recruitment of volunteers
more difficult. But because of the lack of such data, the comparability of
the two groups of volunteers (a necessity for establishing the significance
of the difference in wound healing data when the dietary supplements were
given) depends on how successful the randomization of the subjects was.
Not enough data about the individual volunteers are included in the paper
or presentation for us to assess the comparability of the two groups prior to
the initiation of the dietary supplements.

For example, it is stated in the paper that potential volunteers with
significant malnutrition were excluded. But the criteria regarding malnu-
trition listed were history and physical examination (details not given),
body mass index greater than 85%, or weight loss not more than 15% of
ideal body weight. Important nutritional abnormalities not readily detected
by these criteria may exist in such individuals. One would like to know, for
example, at a minimum, what were the serum albumin concentrations and
peripheral blood lymphocyte counts? No information is given about the
socioeconomic status of the volunteers. How many were single? How
many married? How many were living alone? How many were recently
widowed or had suffered other major emotional disturbances? All these
may influence wound healing in important ways.

Also, the number of women included in the study was 11% in the control
group and about 30% in the experimental group. There is very, very little
information available whether gender affects wound healing. We do know
that a recent paper reported that hydroxyproline accumulation in a wound
model such as used in Dr. Barbul’s study is greater in premenopausal
women than in men of similar ages. As far as I know, there are no
published reports comparing wound healing in elderly men and women, the
age group in the study of Dr. Barbul and his colleagues.

The authors also state that potential volunteers with severe liver disease
were excluded. Does that mean that some volunteers with moderately
severe liver disease were included? If so, how were they distributed in the
two groups? A similar question can be raised in terms of renal function.

So, all in all, I hope that Dr. Barbul can present data regarding these and
other critical points to convince us that the two groups in his study were
indeed comparable at the start of the study. Finally, I suggest that he and
his coauthors change the phrase “collagen synthesis” in the title of their
paper. Synthesis of collagen was not measured, it is inferred by them.
Reparative collagen accumulation (measured in this paper by measurement
of hydroxyproline) is the net result of deposition of collagen and collag-
enolysis, which begins as soon as the collagen is deposited. The increased
collagen accumulation in the experimental group (subject to the concerns
raised earlier in this discussion) may represent increased collagen synthe-
sis, but that was not demonstrated, it is an inference by the investigators.

PRESENTER DR. ADRIAN BARBUL (Baltimore, MD): Dr. Levenson, thank
you for your comments. I want to publicly acknowledge your critical role
in getting us interested and stimulated in the areas of wound healing and
surgical metabolism.

To address your question about the groups. The assignment of groups
occurred by a randomization table, we were not aware of their assignation
to the groups, and the code was not broken until all data had been fully
analyzed.

The question about serum albumin. No patient had serum albumins
below 3.2.

The preponderance of women in the two groups really is a reflection of
the difficulty in finding 70-year-olds and older who are healthy and meet
the criteria of lack of other disease processes that would interfere with
wound healing. I have to express my gratitude to Dr. Williams, who really
canvassed a lot of retirement homes within the Baltimore area and spoke to
multiple groups in order to get this number of patients to volunteer within
the time frame of his 1 year in the laboratory.

There is no known effect of sex on wound healing in the elderly. It is
known in the childbearing age. But again, your point is well taken that that
is one variable that perhaps should be eliminated.

Lastly, the comment about collagen synthesis versus collagen accumu-
lation. Again you are scientifically correct.

DR. THOMAS K. HUNT (San Francisco, CA): This is a very simple paper.
It was crisply given and has one point. I want to make sure that the
significance of that point is not lost. Dr. Barbul has found enhanced wound
healing in elderly patients who were given a dietary supplement. This is
prosaic, perhaps, but significant!

First, failed healing is an increasingly important public health problem in
our aging population. It is clearly multifactorial, and many correctable
issues contribute. For instance, the competence of wound healing is pro-
portional to blood IGF levels. IGF levels decline with age and comorbidity.
However, IGF-1 levels can be supported in elderly persons to the equiv-
alent of early middle age by small doses of growth hormones, and healing
improves as a result. How many other hidden problems are there in the
elderly? We don’t know. In this case, Dr. Barbul appears to have found a
nutritional deficiency that we didn’t even know existed, and has provided
the cure “for pennies a day.”

However, many of you probably wonder about the model. Is it really a
wound? Is it predictive in practical terms? The answers are “yes” and
“yes.” As Dr. Barbul pointed out, my colleagues and I developed this
assay, and we have kept track of its results. It is the most commonly used
measure of human healing. It has measured the healing defects in hypoxia,
hypovolemia, radiation, uncorrected diabetes, smoking, distant trauma,
renal failure, and steroid use. In several of these it has been used to
determine mechanisms and outline effective therapy. It has shown that
uncomplicated anemia to a hematocrit as low as 20 is not a factor in wound
healing, thus avoiding many unnecessary transfusions. It has shown that
added oxygen and perfusion significantly reduce wound infections by half;
and it predicted that intra- and postoperative warmth and more aggressive
perioperative fluids will enhance repair and reduce infection.

Dr. Barbul’s observation is not yet complete. He must show us which of
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the additives is/are active; what is the best dose, etc. He has already shown
an effect of arginine. The method can meet this challenge.

Now, as a result of Dr. Barbul’s research, we are faced with the
prediction that elderly persons will heal better by a simple enhancement of
diet. Given the track record of the method, we should believe it. If we don’t
believe it, we are faced by the only other alternative; that is, to discover it
years from now by counting failed wounds and probably wound infections.

DR. DOUGLAS W. WILMORE (Boston, MA): Dr. Barbul, a very nice paper.
Three questions.

You gave three substances. Do you have dose-response data on each
substance? Is there any information that tells us whether we are looking at
synergy or additivity of these substances? Could we just give arginine
alone, for example, and expect to see the same effect?

Secondly, in your abstract you conclude that this may be useful in
patients. Do you have any patient data? Moving from the tube technology
to open wound assessment is quite a jump. Do you have any clinical data
that would help us feel that this could be utilized in patients?

Thirdly, I would like to just comment on the safety of arginine. There are
now several studies that suggest that the use of diets containing high doses
of arginine in seriously ill patients—not in elective surgical patients, but in
seriously ill patients—actually increases mortality. There were two papers
in the British literature in the past year or so that really emphasize this
point. I wonder if you would comment about the dose of arginine used, its
safety, and the types of patients or the populations which you would target
for this approach.

DR. JOSEF K. FISCHER (Boston, MA): I would like to add on something
to Dr. Wilmore’s first question. Would you have seen the same result if you
just gave HMB alone?

DR. ADRIAN BARBUL (Baltimore, MD): In terms of prior studies that we
have done with arginine alone, we have used a dose of 17 grams per day
and 24.8 grams per day, both of which were shown to be effective in
elevating the amount of collagen accumulated in this micromodel. The
dose of arginine used in this study is less than the prior studies, but here it
is supplemented with the HMB and glutamine. We do not have data on the

single amino acids in humans. We only have it on arginine alone or the
combination supplement that you see.

In terms of safety, I think the point that you raise, Dr. Wilmore, is a very
good point. Clearly, arginine in particular when given intravenously very
rapidly can cause fatal cardiac arrhythmias. Large oral doses of arginine
have been shown also to be detrimental in the very, very sick patients.

My vision, if you will, for this product or this combination, or even
arginine alone, would be that if for example I were to undergo a hernia
repair tomorrow, I would probably take this for a week before and then a
few weeks subsequent to my operative intervention, in spite of taking great
care to choose a very fine surgeon.

Lastly, the prior experiments on arginine alone, although the studies
were blinded and so forth, the control group did not receive any nitrogen.
Historical comparisons are dangerous, but in looking at the amount of
collagen deposited in the present study control group compared to prior
control groups, it is about twice as high, indicating perhaps the nonspecific
effect of nitrogen on collagen accumulation.

On top of that accumulation, then we can see the specific effect of the amino
acid utilized in this study on collagen deposition specifically. That is one of the
unexpected and yet very intriguing findings of the current study.

DR. BASIL A. PRUITT, JR. (San Antonio, TX): The supplements were
comparable in terms of nitrogen and calorie content, but what about the
basic diet? Did you obtain calorie counts throughout the study? Secondly,
did either of the supplements affect appetite, either increase it or decrease
it? Lastly, did the difference you observed correlate with levels of growth
hormone, insulin-like growth factor-1, or insulin-like growth factor binding
protein-3?

DR. ADRIAN BARBUL (Baltimore, MD): We asked the patients to keep
dietary diaries, which we examined. We did calorie counts. They did not
seem to be affected by the treatment regimen. We did not measure any
peripheral hormone levels. The data that we have in animals, the growth
hormone response is much more immediate and pulsatile. We don’t have
data on peripheral levels of islet growth hormone IGF-1 or IGF-binding
protein.
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